[March 1, 19451 DISCUSSION ON THE TREATMENT OF ACUTE MENINGITIS Dr. M. Mitman: Treatmiienit of m7neningococcal meningitis.-For more than thirty years the standard treatment of cerebrospinal meningitis was spinal drainage, serotherapy and skilled nursing. During that period a considerable reduction in case fatality was effected.
From Flexner in 1907 to Sturdee in 1936 a long record of serotherapeutic successes was interleaved with gloomy pages of failures. Reliable figures of the value of serum are difficult to obtain because outbreaks varied in virulence, their natural fatality rate being 40% to 800/,. Satisfactory controls in a particular epidemic were usually unobtainable since diagnosed cases were conscientiouslv treated with serum. Cormack (1913) in Africa, faced with a shortage of seruni, was able to make a valuable comparison between 102 cases not treated with serum, of whom 82O% died, and 139 more seriously ill patients treated with serum, 54% of whom died. Flexner gave the fatality rate before the introduction of serum as 70,, to 8000 reduced by serotherapy to 30-90°. Sturdee (1936) found this figure agreed closely with his rate of 27-6% for serum-treated cases. Nevertheless, figures as low as this have been recorded in cases not treated wvith serum (vide Zinsser et al., and Brinton, 1941) . Case fatality based on the number of deaths as compared with the number of notifications is unprofitable, indeed deceptive, because notifications were notoriously unsatisfactory and, as late as 192(0, instances occurred of deaths exceeding notifications.
The wide variation in the natural case-fatality rate of different epidemics is closely concerned with the type, and more particularlv the strain, of the prevalent organism, and is reflected in the number of severe fulminating forms and those with adrenal hoemorrhage. Serologically distinct groups have been known since 1909 and experience in the last war emphasized the value of type-specific sera. After a quick typing by a precipitation test on the spinal fluid polyvalent serum was replaced as far as possible by monovalent serum. As Branham (1936) pointed out, the application of this method was limited because specific soluble substances had to be abundant in the cerebrospinal fluid and the patient must not have had serum. Even typing failed to be sufficiently specific and it became clear that a serum prepared from the locally prevalent strain of meningococcus promised best results. A method of management, not often possible, was to cultivate the responsible organism and determine if it was agglutinated by the serum in use; if not, another was sought. In any case, the standardization of antimeningococcal serum was never satisfactory and the value of any particular serum could not be known with certainty. This was very apparent with Ferry's so-called antitoxin, the existence of which was denied by other observers who attributed its value to the usual antibacterial action of sera (2nd Internat. Congr. Microbiol., 1936) . Nevertheless, laboratory tests proved that sera were capable of protecting against experimental infection. This uncertainty about the efficacy of sera was reflected in the personal experience of all who had to treat the disease in any numbers. Some cases responded with satisfactory promptitude in two or three days, but the many failures in the most favourable circumstances lent support to the view that the concomitant spinal drainage was the effective therapeutic measure. Introduced bv Quincke in 1895, spinal (drainage found its logical extension in cisternal and ventricular drainage, and spinal puncture was an essential preliminary to the administration of serum by the route then employed. It was ousted with serum when chemotherapy was established but has been revived with penicillin therapy. But before chemotherapy appeared the intrathecal administration of serum suffered a decline because of the aseptic meningeal reaction it caused. With increasing recognition of the septicaemic nature of the disease intrathecal serum was augmented and, in some instances, entirely displaced by intravenous or intramuscular serum (Herrick, Hoyne, 1935) . The theoretical objection to parenteral routes-that serum would not pass the blood-brain barrier-was disproved when it was shown that large molecules could pass through an inflamed choroid plexus. Nevertheless, as late as 1936 Sturdee wrote that "provided the patient comes under treatment at a reasonably earlv moment, is of suitable age and receives adequate amounts of serum prepared from current strains of meningococci he has a reasonable chance of recoverv; also that intrathecal treatment with antimeningococcal serum is the most helpful means of obtaining a good result". With perhaps insistence on some serum being administered parenterallv this represented current views.
The sulphonamides transformed the therapeu tic scene. Before evaluating them, or indeed any other therapeutic measure, it is essential to enumerate the factors which influence case fatality. This in turn vill serve to explain many of the considerable discrepancies between the results of different observers using the same therapeusis. The first factor is the virulence of the prevalent strain of meningococcus reflected in the wide variations in fatality rates between one epidemic and another, and between endemic and epidemic cases. Whilst there is a relationship between Group I organisms (Types I and III of Gordon) and epidemics, and a tendency for Group II organisms to affect those in the dangerous age-group, viz. infancy and old age, virulence is, I think, more concerned with an epidemic strain than with a particular type. The second factor, equally important, is the host factor. Immunity to meningococcal infection and ability to withstand a clinical infection are closely related to age. Lassen (1942) makes the point that meningitis under endemic conditions is preponderantly a disease of infants and young children; under epidemic conditions it is widely distributed over all age-groups up to 30 years, and is also more common in the older age-groups; in war it is a serious military disease. No matter what the form of treatment the results are always best in the young adult group and most serious at the extremes of life. Many of the remarkable results among Service personnel in this country and the U.S. have been achieved in the most favourable age-groups; for example, Hill and Lever (1943) report no deaths in 68 consecutive cases treated with sulphadiazine; Daniels et al. (1943) reports a case fatality of 1I/4% among 80 cases of meningitis, no fatal cases among 32 patients with meningococcaemia, giving an overall rate of 0-89% in 112 soldiers treated with sulphadiazine during an epidemic. Taranto (1943) using the same drug on 100 consecutive cases in a U.S. naval camp had a fatality rate of 1 %. By contrast, infants under 1 treated in Scotland between 1936 and 1941, chiefly with sulphapyridine, had a case-fatality rate of 28-3%; in patients over 35 years of age it was 35-4%; and in the most favourable agegroup it was only 2.6%. Compare this with 1907-8, one of the peak periods of the last forty years, when the rate was 90 4% in infants under 1 year and 74% in young adults (Scottish report).
The third factor influencing a favourable result in meningococcal infections is the organization for early diagnosis and prompt, efficient treatment. In a report on a severe epidemic in the U.S. 4th Service Command (Thomas, 1943) there were 1,935 cases from December 1942 to Tanuary 1943, with a case-fatality rate of 3-3%. When this figure was analysed it was found that, tor the first month, the case-fatality rate was as high as 12-8%; as the organization for prompt diagnosis began to operate the figure fell, the lowest being 1-5%. The measures introduced included instruction and stimulation of interest in the disease among the inexperienced medical and nursing officers, who thereafter were constantly on the look-out for cases. Patients were transferred to the care of medical officers of the contagious diseases section who had experience of the disease. Before the reorganization some patients were admitted in the evening and seen by the officer of the day who, in many instances, was surgically inclined and not familiar with the disease in its septicaemic phase. Deaths occurred in hospital before a diagnosis was made. The vital significance of premeningeal diagnosis lies in the amazing speed with which early administration of sulphonamides brings the septicamia to an end. That this stage of the disease was readily responsive to specific therapy was evident from Applebaum's (1937) paper on chronic meningococcal septiczemia which appeared before sulphonamides were generally available. He found the condition responded promptly to intravenous antimeningococcal -serum, moderate, but not massive, doses sufficing. The promptness with which the diagnosis of meningococcal infection is made in an epidemic is indicated by the percentage diagnosed in the septicaemic stage. Figures from the U.S. are impressive. Daniels et al. (1943) record that during an epidemic when the index of suspicion was high, the figure was 35%; other figures are 28% (Thomas, 1943) and 19% (Hill and Lever, 1943) . All are agreed that it is possible to diagnose early meningococcal septicaemia on clinical grounds alone in a high proportion of cases. All degrees of severity and duration of septicaemia occur from the fulminating to the chronic, now well known from the works of Solomon (1902) , Rolleston (1919 ), Applebaum (1937 ), Heinle (1939 , Stott and Copeman (1940 ), Dickson et al. (1941 ), Copeman (1942 and Morison (1943) . Hill and Lever give the four cardinal symptoms of the acute form as headache, vomiting, chill and rash. Daniels ct al. regard the presence of a rash as essential for the diagnosis and it was therefore present in 100% of their cases although frequently repeated search was sometimes necessary. Petechial, macular, papular, nodular and pleomorphic eruptions of varying degrees of profusion were recorded. Upper respiratory tract infection (the usual mode of onset) was present in 78%, headache (not the meningitic type) in 78%, nausea or vomiting in 59% (a highly suggestive figure in patients suffering from what might be regarded as an ordinary upper respiratory tract infection), chill in 47% and pains in joints in 37% . Pyrexia, polymorphonuclear leucocytosis and herpes simplex were common. All the cases recovered with sulphadiazine, the macular-papular element of the rash disappearing within twelve to eighteen hours: this response to sulphonamide therapy was regarded as diagnostic.
The fourth factor influencing a favourable result is the specific therapy employed. Sulphonamides have reduced enormously the fatalitv of the disease, practically abolished chronic and relapsing cases, diminished considerably the proportion and severity of complication, and shortened hospitalization to an average of thirty days or so. Thomas attributes the amazing reduction in case-fatality rate from 39O/ in the last war to 3-5% in this entirely to chemotherapv. I have already referred to rates of 0 to 1 % in special groups of Service personnel treated with sulphadiazine. Martin (1942) estimated that sulphonamides saved 10,000 lives in this country in 1939-41 and Stocks (1943) that they saved 2,500 in 1942 alone. When sulphonamides were first introduced it was natural to combine their use with serum and spinal drainage, but reports were soon forthcoining that combined chemoand serotherapy gave no better results than sulphonamides alone; indeed in some instances the results were worse. Brinton (1941) following Banks (1940 Banks ( , 1941 expressed the view that chemotherapy had rendered treatment with serum as obsolete as routine spinal drainage. He enumerated the disadvantages of the older methods as repeated, often serious, disturbance of the patient for lumbar puncture, the frequency of serum disease, the aseptic meningeal reaction, the costliness of serum, the lack of specificity of the serum and the enormous expenditure of time and labour by the staff. This failure of combined therapy was on a priori grounds, surprising because the modes of action of serum and sulphonamides are quite different, and a svnergic action might be expected. There was some experimental support for this view from work at the Lister Institute, not only on meningococcal infections (Amies, 1940) but with other organisms (Henderson and Gorer). Clinically, however, serum therapy failed as an adjuvant to chemotherapy not only in meningococcal infections (Banks, 1940 (Banks, , 1941 Beeson and Westerman, 1943; Scottish Report, 1944) , but also in pneumococcal infections (Plummer et al.) and in certain streptococcal diseases (Mitman, 1937) . The results of treatment as recorded in two recent large-scale studies, one in England and Wales (Beeson and Westerman, 1943) , the other in Scotland (Scottish Report), closely conform. They both include the epidemic of 1940 and in both the sulphonamide most used was sulphapyridine. The English study is of 3,575 case reports submitted to the Ministry of Health by more than 100 hospitals in the two years 1939-41; the Scottish report was founded on 2,223 cases treated in seven selected hospitals. The overall fatalitv rate in England and Wales was roughly 16%y and in Scotland 22%. A group of Scottish cases treated with serum alone had a rate of over 500%. In every age-group combined sero-and chemo-therapy gave significantly worse results than sulphonamides alone. If this difference is true it supports the view of those who attribute the harmful effects of the serum to an aseptic meningeal reaction. Other explanations cannot be ruled out, for in both groups it is possible that those who received combined treatment were more seriously ill than those who received the drug alone, rendering comparison unfair. In both reports the importance of age in the prognosis is brought out, no matter what the form of treatment. Sex had no effect on the fatality. Some unexpected results emerged. One was that earlier hospital treatment did not improve the prognosis: in Scotland the fatality was actually greater among those admitted in the first few days of their illness than in those admitted later in the week. This was probably because the more serious cases came to hospital earlier; it is no justification for delaying treatment. Another surprising finding in Scotland was that sulphanilamide, with the lowest bacteriostatic power, gave better results than sulphapyridine or sulphathiazole. In a more recent study in Chile, Horowitz and Perroni (1944) tried a controlled experiment and found a case-fatality rate of 13-3% with sulphanilamide 10.70/ with sulphathiazole and 9-3°/ with sulphadiazine Excluding deaths within twenty-four hours, the figures were reduced to 1071, 6 and 5 but the differences were not statistically significant.
The choice of a suitable sulphonamide has been considerably narrowed recently. There is a definite order of potencv as determined by their bacteriostatic power, and this order is the same for meningococci as for other susceptible organisms. It is a clinical factor which determines the choice, viz. the capacity of the drug to cause toxic or other sideeffects. Sulphanilamide, and its derivatives resulting from substitution in the amino group, have been displaced bv drugs derived from substitution in the amido groupparticularly with heterocytic rings. The chief exception is that sulphanilamide is still used when sulphonamide therapy must be continued in the presence of haematuria caused by one of the other sulphonamides, for suilphanilamide does not cause this side-effect.
Sulphapyridine has practically dropped out because of its tendency to cause vomiting.
Sulphathiazole is still widely used, but sulphadiazine or one of its methyl substitution products now leads the field. Except for its tendency to cause crvstalluria and hxnlaturia, sulphadiazine is less toxic than the others. It is more readily absorbed and more slowly excreted than most of the others: in consequence a higher concentration can be maintained in the blood for a longer period, so that intervals betwveen doses can bh lengthened to Six, even eight, houLrs, a valuable property when treating seriously ill patients urgently in need of sleep. The concentration of the drug in the cerebrospinal is 501f,)'--800% of that in the blood, compared with 15(,A',-400h in the case of sulphathiazole. But routine estimations of sulphonamidle concentration even in blood are not always practicable and estimation of levels in the cerebrospinal fluid involve lumbar punctutres. The Americans attach great importance to controlling therapy bv routine estimation of sulphonamide levels in the blood. The optimuLm concentration for sulphadiazine is not known but 10 to 15 mg.0' is ustually regarded as necessary for severe infections and anything belowv 8 mg."X, as inadequate. Although there is some correlation between blood Jevels and therapeutic success it is not high, the effectiveness of therapv being best judged from the clinical responise. There is, hc;wever, a place for estimation of blood levels in cases failing to respond, for an unusuallv low concentration due to some anomaly of absorption, excretion, acetvlation or metabolism, or to excessive fluid intake, spells failure. As the solubilitv of sulphadiazine in urine is low, particularly when the uLrine is acid and concentrated, as it is in severe pvrexial conditions, an essential step in management is the avoidance of crystalluria. The aim should be to secure the daily excretion of 40 to 50 oz. (1,200 to 1,500 c.c.) of an alkaline urine (pH> 7 5) with a specific gravity below 1014. An intake of aboLut 5 pints (3,000 c.c.) of fluid is required and sodiuLm bicarbonate, citrate or lactate prescribed to effcct the alkalinization of the urine, which is not always possib)le. I use the mist. sod. cit. of the N.W.F. half an ounce or more with each oral dose of sulphadiazine. I am, however, opposed to excessive flui(l intake; there is a tendencv for a viciois circle to be set up: excessive doses of sulphonamides are given, particularly loading intravenous doses; excessive fluid is administered to minimize crystalluria; the stulphonamide is wvashed out of the circLulation and the net reSLult is the same as if a smaller dose had been given with less fluid, wvhilst the danger of urinary complications has been increased.
The comparative value of high and low dosage of sUlphadiazine has been debated frequently. Daniels et al. (1943) found that patients treated with lower doses fared better than those given higher doses, although it nimust be mentioned that the disease was declining in severity when the lower dosage was employed. The important differerice wvas in the incidence of renal complications. In the high dosage group 150 had gross hxmaturia and 6% anuria, whereas in the lower dosage group there wvere no such cases.
In both the English and Scottish survevs it was noted that those who received closes as high as, or higher than, Banks recommended fared no better than those who received moderate doses. It should be remembered that in suitable cases even a singile dose of sulphonamide may have an appreciable influence probably by breaking the vicious circle which determines all overt infections. The effect of a single dose on the bacteriological findings is significant. Daniels et al. obtained bacteriological confirmation of their diagnoses from blood or spinal fluid in 78% of cases; in a group provided with special laboratory facilities the figuire was increased to 950%; bitt the organism wvas never grown from the blood or fluid of a single patient ivho had been previously treated with a sulphonamide despite the addition of an antisutlphonamide to the culture media. From the work of Somers, and Bryant and Fairman (1939) in the Sudan and from observations in their own clinic, Meads et al. (1944) expect a single dose of 2 to 4 grammes of sulphonamide, given when the diagnosis is sutspected, to be sufficient to produce beneficial results in favourable cases; and that in estimating the value of penicillin in the treatment of meningitis, it must be certain that not a single dose of sulphonamide has been given. They were commenting on Rosenberg and Arling's excellent results 75 recoveries out of 76 cases treated with penicillin wvhich they were unable to reprodulce. I am therefore in favour of moderate dosage.
For the average case of cerebrospinal fever anl adequate atmount consists of 9 grammes daily until the temperature is normal, i.e. for about three days, reduced by a third to 6 grammes daily for another ti-o or three days, and completing the course by another reduction to 3 grammes dailv for another two or three days, the total dosage being about 40 to 50 grammes extending over a week. Mlilder cases require onlv two-thirds of this dosage. For the first period the doses should be given four-hourly: thereafter if progress is satisfactory the intervals may be increasecd to six hours. The initial or loading dose if given by mouth or nasal tube should be heavv, namelv 4 grammes; if given intravenously it should be two grammes onlv as flooding of the circulation with a massive intravenous dose particularly predisposes to hamatuLria. I am bound to point out that these doses are much snialler than those advocated by others.
Hill and Lever give all the stulphonamides in the first twenty-four hours by the intravenous route in three doses at eight-hour intervals. The first dose is 5 grammes and the next tlwo 2 5 grammes. They repeat intravenous medication if the patient is still stuporose o; comatose and change to 1 5 grammes of oral sulphadiazine four-hoUrly two days after the temperature recedes. Daniels et al. in their big-dose series gave 0-1 gramme per kilo body-weight intravenously as the loading dose which is equivalent to 6 grammes in an ordinary person, followed bv half this dose eight-hourly subcutaneously until the patient could take by mouth, wben 1 to 2 grammes was given four-hourly until the temperature was normal for 5 to 7 days. In the second half of l-heir series they practicallv halved these doses with the beneficial results I have already mentioned. Thomas gave a loading dose of 5 to 8 grammes to his severely ill patients but in milder cases his doses were smaller than those I have advocated. Little use appears to have been made in America cf administration of the drug by nasal or cesophageal tube as an alternative to the intravenous route for the comatose or stuporose.
Sulphonamide therapy alone usually suffices in about 950/ of cases. The remainder include fulminating cases and those showing evidence of circulatory collapse, who require adjuvant therapy. Banks and McCartney maintain that this group includes those with encephalitic syndromes, pure adrenal syndromes, and mixed adrenal and encephalitic syndromes. They recommend that the term Waterhouse-Friderichsen syndrome should be dropped because it includes more than one of the above types. Certainly there is no historical justification for its retention. Banks and MIcCartnev maintain that in the pure adrenal syndrome the mental condition remains clear to the end whereas in the graver, mixed syndrome there is early coma which persists or deepens.
The classical description of the adrenal syndrome is of an illness of apoplectic onset in a previously well infant under 2 years of age: early circulatory collapse, a haemorrhagic rash and death within twventy-four hours is the course; post-mortem shows massive bilateral adrenal ha-morrhages (Waterhouse, 1911; Friderichsen, 1918; Grace et al,. 1940; Harries, 1940 Harries, , 1942 Murphy, 1940; Lindsay et al., 1941; Morison, 1943) . The syndrome is not limited to infants and although the cause is nearly always meningococcal, it is not invariably so. I recollect being called to see an A.T.S. suspected to be suffering from smallpox. The previous night she had been taken ill at a dance, had vomited, and had been regarded as a little intoxicated; so she was, buLt not by alcohol. Next morning she was stuporose, pyrexial and had an extensive hxmorrhagic rash. She died within twentyfour hours. Post-mortem showed hemorrhages in all organs, very marked in the suprarenals. Although the provisional diagnosis in life had been cerebrospinal fever, pneumococci were cultured from the blood and fauces, and paired cocci were seen in suprarenal smears.
Milder degrees of circulatory collapse, from which recovery occurs, are seen in severe cases. On the theory that they are due to temporary adrenal failure, substitution therapy is used. Morison (1943) considers the condition akin to shock; treatment, he suggests, should be directed to the disturbed hydrodynamics and plasma transfusions given in all fulminating infections; adrenal substitution therapy he regards as secondarv. Both adrenal cortical extract and desoxycorticosterone acetate have been used.
Hill and Lever recommend the hypodermic injection of 2 c.c. of the extract several times in the first twentv-four hours and twelve-hourly thereafter until the blood-pressure is restored. Thomas gives 30 to 50 c.c. followed by smaller doses at frequent intervals.
He also advocates adrenaline by continuous intravenous drip. Murphy recommends 5 mg. of desoxycorticosterone acetate intramuscularly six-hourly during the acute stage. For the sodium depletion and water loss, intravenous administration of 1,000 c.c. of an isotonic solution of sodium chloride, or a sixth molar solution of sodium lactate may be given at the same time as the intravenous sulphonamides. The hypoglycaemia resulting from disturbance of the glucose metabolism is overcome by the addition of 5% glucose and the intravenous saline solution. It is suggested by Murphy that if bromides are indicated for sedation, they should be given as the sodium salt because of the presence of a high blood-potassium level in adrenal lesions. The prompt and efficient treatment of severe and fulminating cases therefore entails considerable skilled medical and nursing care which I summarize as follows:
(1) A diagnostic lumbar puncture must be performed at once for cvtological, biochemical and bacteriological examination of the fluid.
(2) A blood culture, a white blood-count and a differential count must be carried out.
(3) If the condition is clinically a meningoccccal septicaemia or meningitis, therapy must begin immediately, regardless of the appearance of the fluid or the laboratory report. The diagnosis of meningitis is of course confirmed by a turbid fluid or a positive smear.
(4) For the treatment of the infection chemotherapy in the form of sulphadiazine given along the lines indicated is the method of choice and must be instituted immediately the diagnosis is suspected. It should be controlled by daily measurements of the intake and output of fluids and by daily urinalysis with special reference to specific gravity, alkalinity and the presence of crystals. If facilities are readily available periodic estimation of blood levels of sulphadiazine are a usful check.
(5) For the treatment of circulatory collapse plasma transfusions are indicated to correct the disturbed hydrodynamics, adrenal substitution therapy for the adrenal failure, and control of the electrolyte balance and carbohydrate metabolism along the lines indicated.
Blood pressures should be taken daily for at least the first three days. (6) Although I have not mentioned routine nursing measures they are still an important part of the treatment of meningitis. Sedation, adequate nourishment, care of the skin and a watch on the bladder are first considerations.
(7) I consider a second lumbar puncture prior to discharge a desirable release measure but I am now less certain of the need for release nasopharyngeal swabs.
The place of penicillin in the treatment of meningococcal infection is still uncertain. A little while ago I should have said that with its absence of toxicity it was likely to displace sulphonamides entirely. But recent reports (Meads et al.) indicate that at present its position may be adjuvant and that sulphonamides are still the drug of choice.
Dr. Honor Smith: The chemotherapy of pneumococcal meningitis [Summary] .-Up to the present time we have had 29 fully treated cases of pncumococcal meningitis with 4 deaths from meningitis and 1 from unrelated causes. The first 16 cases were treated with penicillin alone. In mo'st of these cases sulphonamides had previously been given, and it was realized that these drugs could frequently prevent or delay clinical deterioration, though seldom effect a complete cure. Accordingly, in our last 13 cases both sulphonamides and penicillin were used and all the patients recovered from their meningitis.
Routine of treatment.-As soon as a diagnosis of pneumococcal meningitis is made an injection of 8,000 to 20,000 Oxford units of penicillin is given by lumbar puncture. The exact dose depends on the age and size of the patient and on the severity of the infection as judged by the length of history and the patient's general condition. Systemic treatment is begun by intramuscular injections of penicillin and 120,000 units given every twenty-four hours. Sulphadiazine is given by mouth or nasal tube in doses -of 2 grammes every four hours following an initial dose of 4 grammes. This is given, with the usual precautions against renal block, to supplement the action of the intrathecal penicillin, while we only depend on the intramuscular penicillin to control the primary infection, since in this dose none of it penetrates the theca.
Early next day the lumbar injection is repeated. The C.S.F. should now be sterile and not more than a few degenerate organisms seen on the direct film. The cell count usually rises, and if the C.S.F. has thickened appreciably a third puncture should be done twelve hours later to make sure of detecting any incipient block. Thereafter daily injections are usually sufficient, but must be continued for at least five days. The intramuscular penicillin can usually be stopped after four days, but though the sulphadiazine can be cut down to 1 gramme every four hours. it should be given for at least a week in order to cover the period of withdrawal of the intrathecal penicillin. During the first twenty-four hours the disappearance of organisms from the C.S.F. is usually the only sign of improvement; this period is one of great anxiety and the importance of the general nursing care, adequate sedation and the maintenance of a good fluid intake cannot be exaggerated.
This scheme of treatment is not offered as a rigid routine, but rather represents the safe minimum in an uncomplicated case and will suffice in perhaps one-half of cases. (1) Early institution of treatment.-It is neglect of this principle that causes the greatest number of failures. In addition to our fully treated cases we have had three in which the patient was moribund on admission to hospital and died within the next few hours.
Delay in treatment is usually due to delay in diagnosis. Three types of onset are seen: the fulminating, the acute, and the insidious. In the fulminating type the onset resembles that of subarachnoid hemorrhage and the diagnosis is only made by lumbar puncture.
In the insidious type the signs of meningitis are often masked by those of the primarv infection. The acute type is the commonest; clinical diagnosis is seldom difficult, but early identification of the organism is essential.
When no facilities for immediate bacteriological examination of the C.S.F. exist, the differentiation must be attempted on clinical -rounds. Meningococcal meningitis should be suspected when there is no evidence of a primary focus of infection; while the presence of a primary focus, situated most commionly in the ears or nasal sinuses, is the rule in pneumococcal and streptococcal meningitis.
Treatment with full doses of sulphonamides should be begun immediately, but where there is no evidence of a primary focus penicillin should probably be withheld pending bacteriological examination, as it is seldom needed in the treatment of meningococcal meningitis. Even when a primary focus is found, penicillin should probably be withheld until a film of the C.S.F. has been examined in all except the fulminating cases, because of the frequency with which streptococcal meningitis is complicated by an intracranial abscess. This demands radical modifications in treatment, otherwise death may be precipitated by lumbar puncture.
In fulminating cases in which a primary focus of infection is present penicillin should probably be given at the time of the initial lumbar puncture, since sulphonamides alone seem useless and if untreated the disease may run its full course within twenty-four hours.
(2) Free access of penicillin to all parts of the cerebrospinal pathways.-The methods of treatment are conditioned by the fact that the meninges are relatively impermeable to penicillin. Effective concentration in the C.S.F. can therefore only be achieved by direct intrathecal injection, using either the lumbar, cisternal, or ventricular route. Free circulation throughout the subarachnoid space and the ventricular system is essential.
The lumbar route is the simplest and is effective provided the cerebrospinal pathways are patent. Occasionally these may be blocked by a complicating intracranial abscess, and though this is exceptional (in striking contrast to the frequency of abscess formation in streptococcal meningitis), the development of focal signs is usually an indication for a ventricular tap.
More commonly, a subarachnoid block may develop from the deposition of fibrinous pus. This may occur in the first few days of the disease and should be suspected if the flow of C.S.F. on lumbar puncture becomes sluggish. This alteration in the flow, with difficulty in obtaining more than a few drops of C.S.F., is the earliest sign of impending block and an absolute indication of cisternal or ventricular injection.
(3) Maintenance of an adequate concentrationz of penicillin in the C.S.F. for a suifficient length of time.-Intrathecal treatment should be given for a minimum of five davs, and only withheld when the patient is obviously approaching convalescence. Relapses are common: 3 of our fatal cases died in relapse, and a further 7 had one or more relapses before they finally recovered. To allow the concentration of penicillin in the C.S.F. to fall prematurely is to invite relapse. The pencillin content of all specimens of C.S.F. should he estimated and the intcrvals between injections adjusted so that an effective concentration is present throughout the whole course of intrathecal treatment.
(4) Treatmient of the primiairy focuts.-We relv on the intramuscular injections of penicillin to control the primarv infection. This has proved so satisfactory that even in cases secondarv to a mastoiditis we have never found it necessary to operate during the acute stage of the meningitis.
Dangers of intrathecal treatment with penicillin. Some preparations of penicillin are extremely irritating and capable in themselves of causing a brisk sterile meningitis. There is also consideralble risk of introducing a secondary infection into the theca, either through faulty lumbar puncture technique or from contamination of the penicillin solution. A full aseptic technique must be used for all intrathecal injections, kand the penicillin solution should be freshly sterilized by Seitz filtration and put up in small quantities so that only a limited number of injections can be given from any one container.
Results.-Since March 1943 we have treated in all 32 cases with 8 deaths. 1 of these was due to unrelated causes (fat embolism). 3 were moribund when treatment was begun. 2 died from a complicating intracranial abscess. In the remaining 2 the initial response was good, but subarachnoid block developed with subsequent relapse and death.
In 2 of the surviving cases recovery was incomplete. 1 of these was a child who had developed a severe posterior-basic syndrome before treatment with penicillin was begun; the other an elderly woman who had been a chronic invalid for over two years before contracting meningitis.
In no other case were any after-effects detected other than a temporary tendency to undue fatigue. Both mental and physical recovery was complete.
Dr. E. S. Duthie: The chenmotherapy of pneionococcal meningitis [Summnary] . nln the treatment of pineumococcal meningitis by the intrathecal administration of penicillin, we have used whenever possible preparations of about 500-600 units/mg., i.e. al)out 30 O pure. This was made up to 2,000 units/c.c. in pyrogen-free saline, Seitz filtered and stored in 8 c.c. amounts in the cold until requlired. The usual dose of this solution lay between five and ten thousand units. Strict asepsis using a non-toutch technique is essential in its administration. Introduction of Ps. pyocyanieuis is the chief danger, and the sterility of the skin and of the infiltrating solutions should be beyond question.
Pqeumococci are almost uniformly sensitive to 1/40 unit per c.c., strentococci rarely require more, while about 10 to 20% of staphylococcal strains produce penicillinase and are relatively resistant. We have founid no alteration in the sensitivity of the pneumococci encountered during treatment, which in some cases extended over several months. Large doses of penicillin given intramuscularlv may pass the blcod-brain barrier in verv small amounts, if the meninges are inflamed. The level is, however, too low for efficient therapy.
Penicillin injected intrathecally either by the lumbar or by the ventricular rG utes is rapidlv dispersed throughout the cerebrospinal pathways, and will reach an efficient level everywhere in less than two hours, provided there is no blockage present. In the majority of cases between 0-1 and 1 0 uinits/c.c. are present at the end of twenty-four hours, but some individLials lose penicillin very rapidlv and in one case in the series there was none present in the C.S.F. six hours after the injection of between 3,000 and 10,000 units. In this case the unuisually rapid loss was associated with a subdural hydroma following fracture.
The rate of penicillin loss diminished and became normal when the hydroma cavity healed after operation. Thus constant penicillin estimations are essential for efficient therapy in order that any unusually rapid loss of penicillin from the C.S.F. may be detected.
Penicillin has a killing action only on the groving bacterial cell. Resting bacteria are likely to be present in dead tissue such as abscesses, and will be unaffected by the drug. Cure may result either through surgical removal of the focus, or by maintaining the penicillin treatment until the dead tissue has been absorbed. Sulphonamides do not interefere with the killing action of penicillin. 'rhey should be used to supplement it, since they exert a synergic action, and it is often difficult to maintain an efficient penicillin level over the whole period between injections.
Pure penicillin is probably non-toxic in large amounts, but many commercial samples contain impurities which may set up an aseptic meningitis. Specimens smelling of amvl acetate and those causing skin reactions or pain on injection, should not be used intrathecally. We therefore advocate using only the purest preparations available, xvhich may be checked by giving a first injection of 2,000 to 4,000 units intrathecally. If there are no toxic reactions as shown by increase in the signs of meningeal irritation, impairment of the ankle-jerks or alterations in the pulse or respiration rate, a second injection of double the amount may be given six to eight hours later. A reaction-free batch of penicillin should be put aside for future intrathecal injections only. One case in our series, a child of 17 months, had 391,000 units intrathecallv in 50 lumbar injectioiis over fifty days, withouLt any toxic reactions whatever. Since nowadavs every nrecaution is taken by the manufacturer to prevent contamination of the penicillin marketed, Seitz filtration may be unnecessary provided strict asepsis is Llsed in making it up.
